Cerebral palsy (CP) is a lifelong condition caused by nonprogressive damage to the infant brain, resulting in motor and postural difficulties. 1 CP occurs in 1.77 per 1000 children. 2 One in two children with CP have an intellectual disability, 3 and attention and executive function deficits are also common. 4 Attentional deficits in children are associated with academic challenges, 5 poorer social skills, and behaviour problems. 6 Currently there are limited interventions addressing attentional deficits. 7 The practice of mindfulness can enhance and develop attention. 8 Mindfulness-based practices involve directing attention onto a chosen point of focus, such as the breath, an object, or a mantra, and then sustaining this focused attention. A systematic review of the efficacy of mindfulness training on cognitive abilities in adults found that mindfulness-based practices were associated with improvements in attention and working memory capacity. 9 There is also evidence that mindfulness meditation is associated with increased prefrontal cortical thickness, a brain region associated with attention. 10 Indeed, a review of yoga and meditation neuroimaging studies suggests that both yoga and meditation can cause functional changes across the brain with regular practice. 11 Hatha yoga is an embodied mindfulness practice, integrating mindfulness with movement. [12] [13] [14] Hatha yoga postures (or asanas), involve synchronizing movement and breath, with the rhythmic movement helping to calm the mind and train it to focus. 15 Like mindfulness practice, hatha yoga trains focus and attention. The traditional yoga text, Hatha Yoga Prad ıpik a, notes that using mindfulness meditations to focus the mind may not be suitable for everyone, especially children. 14, 16 Hatha yoga was recommended to these individuals as a more appropriate option to calm the mind. 14, 16 Typically, hatha yoga prepares the body, breath, and attention for further meditative practices. 17 The primary aim of this pragmatic randomized controlled trial was to test the efficacy of an embodied mindfulness-based movement programme (MiYoga) in enhancing sustained attention and other attention variables in children with CP. Secondary outcomes of interests included: improve child executive function, physical and psychological outcomes, and parents' psychological and general well-being.
METHOD Study design
The study design, a waitlist randomized controlled trial, has been detailed in the study protocol. 18 The primary aim was to determine the efficacy of the MiYoga programme, compared with a waitlist group after 8 weeks of intervention. After completion of postintervention assessments at 8 weeks, the waitlist group was then offered MiYoga. If the waitlist group of children and parents participated in MiYoga, they were then asked to complete an additional assessment after completing MiYoga. Full ethical approval for this study was obtained from the Children's Health Queensland Hospital and Health Service Research Ethics Committee (HREC/12/QRCH/120), and the Behavioural and Social Sciences Ethical Review Committee of The University of Queensland (2012000993). This trial was registered with the Australian New Zealand Clinical Trials Registry (ACTRN12613000729729); the date of trial registration was 2nd July 2013.
Participants
Participants were children diagnosed with unilateral or bilateral CP (aged 6-16y; in functional severity Gross Motor Function Classification System levels I-III) accompanied by one of their parents or caregivers. These childparent dyads were recruited from the databases of the Queensland Cerebral Palsy Rehabilitation Research Centre, the Queensland Cerebral Palsy Register, through advertising in schools located in southeast Queensland, and referrals from clinicians in the Queensland Paediatric Rehabilitation Service. All participants lived within 1 hour of their closest MiYoga group and assessment location (Brisbane, Gold Coast, and Sunshine Coast). The recruitment period was active between September 2013 and September 2015, and the postintervention assessments were completed in February 2017.
Sample size
Sample size calculations were based on the primary outcome of sustained attention measured by the Conners' Continuous Performance Test, Second Edition (CCPT), where the reaction time of children with CP was two standard deviations (SDs) below typically developing comparison individuals. 19 On the basis of this finding, the current study aimed to detect a difference of 1 SD between the MiYoga group and waitlist group postintervention (time 2), using Lehr's equation with a set at 0.05 and power set at 0.80; a sample size of 32 child-parent dyads was needed. 20 To account for attrition (10% was assumed), a total of 36 dyads were required.
Randomization
Participants were randomized using a computerized-generated list of random numbers with block randomization to ensure equal allocation of participants per group. The group allocations were placed in concealed opaque envelopes. When child-parent dyads completed the baseline assessments, non-study personnel opened the next envelope to determine the participants' group allocation (MiYoga or waitlist).
Intervention
The MiYoga intervention has been reported in detail in the study protocol. 18 MiYoga uses mindfulness and mindful movement techniques based on hatha yoga principles to enhance child and caregiver outcomes for children with CP. An explorer theme is used throughout the MiYoga programme. The aim of this theme is to help participants embody a sense of curiosity, which is a fundamental characteristic of mindfulness. The MiYoga intervention was an 8-week programme that consisted of six 90-minute sessions over the initial 6 weeks, followed by two telephone or Skype consultations over the remaining 2 weeks of the programme to help participants integrate MiYoga practices into their everyday life. In the group sessions each week, participants learnt to use a different tool (five senses, thoughts, and feelings) to explore their everyday life. MiYoga content consisted of hatha yoga and mindfulness meditations, as well as informal mindfulness activities such as explorations and games such as mindful eating.
The group sessions were scheduled outside school hours (after school or at weekends). Over the 8-week duration of the programme, child-parent dyads were asked to partake in daily home practices for a minimum of 20 minutes along with the MiYoga DVD and the MiYoga poster provided to them in the first MiYoga session. The MiYoga DVD consisted of mindfulness exercises and yoga sequences similar to those delivered in the group sessions. The MiYoga poster was made up of yoga sequences and contained child-specific modifications identified from the initial assessment session. Each MiYoga poster consisted of general instructions as well as modifications for how parents could assist their child. Where possible, photographs of the child performing the postures with their modifications were included.
What this paper adds
• MiYoga, an embodied mindfulness-based movement programme, can enhance attention (more attentive and consistent performance) in children with cerebral palsy.
• MiYoga had no significant effect on physical functioning.
Outcomes measures
Child and parent demographic information including age, sex, marital status, income, health, and comorbidities was collected using questionnaires.
Primary outcomes
The primary outcome was sustained attention as measured by the CCPT. 21, 22 The CCPT is a 14-minute computeradministered test. Participants were asked to observe letters displayed on a computer screen and to press a button at the appearance of each letter except for the letter 'X'. The letters appeared at random intervals (1s, 2s, or 4s) and the duration of each stimulus was 250ms. This test measures the time to process information (e.g. reaction time) and errors such as false negatives or false positives. The test is divided into six equal blocks of 20 trials.
The sustained attention variables from CCPT included: (1) hit reaction time block change (change across the duration of the test of six blocks); (2) omission error block change: and (3) commission error block change. Other attention variables of interest from the CCPT were also analysed, including: (1) inattention, made up of the indices hit reaction time, hit response time consistency, percentage commission errors, percentage omission errors, detectability (reaction time distribution of target vs non-target 'X'), and variability (variability of reaction time); (2) vigilance, made up of hit reaction time interstimulus interval change; (3) perseverations (measure of response error due to impulsive or inattentive responding); and (4) response style. The test-retest correlation coefficients for the indices mentioned above ranged from 0.05 to 0.84. 21 
Secondary outcomes
Children's executive function abilities, namely attentional switching and inhibition, were measured using digit span and symbol search subtests from the Wechsler Intelligence Scale for Children, Fourth Edition 23 as well as the colourword interference test and the trail making test from the Delis-Kaplan Executive Function System. 24 The Behaviour Rating Inventory of Executive Function, 25 a parent-rated questionnaire, was used to measure children's day-to-day behavioural manifestations of executive functioning. Scores were converted into scaled scores using age-and sex-based norms.
Children's mindfulness was measured by the Child and Adolescent Mindfulness Measure, 26 a 10-item questionnaire assessing present-moment awareness and non-judgemental and not-avoidant responses to thoughts and feelings.
Children's behaviour and psychological attributes was measured by the Strengths and Difficulties Questionnaire, 27 ,28 a 25-item parent-report questionnaire designed to assess the child's emotional and behavioural adjustment.
Children's physical outcomes included: (1) lower limb functional strength, which was measured by sit-to-stand test, lateral step-up test, and half-kneel to stand; 29 (2) flexibility, measured by the sit-and-reach test; (3) submaximal motor capacity, measured by the 6-minute walk test; 30 and (4) mobility limitations, measured by the Mobility Questionnaire 28 items, 31 a parent-report questionnaire. Children's quality of life was measured by the conditionspecific Cerebral Palsy Quality of Life Questionnaire for Children (CP QOL-Child) (children <12y) 32 and the Cerebral Palsy Quality of Life Questionnaire for Adolescents (children ≥13y) 33 using both self-report and parent-report. Children's self-reported pain experience was measured by the Wong-Baker Faces Pain Rating Scale, 34 a scale between 0 to 5 (with 0 equal to 'no hurt' and 5 equal to 'hurts worse').
Parent outcome measures included: measures of mindfulness (Mindfulness Attention Awareness Scale), 35 their psychological flexibility (Acceptance and Action Questionnaire), 36 psychological well-being (Depression, Anxiety and Stress Scale; a total score range 0-126, where higher scores indicate suboptimal states), 37 personal well-being (Personal Wellbeing Index), 38 and the child-parent relationship (Child-Parent Relationship Scale). 39 
Statistical analyses
The MiYoga group was compared with the waitlist comparison group postintervention by a series of analyses of covariance (ANCOVAs), with the time 1 (baseline) scores used as covariates. The secondary analysis examined sustained attention as measure by CCPT in more detail. To investigate participants' sustained attention performance pattern on CCPT postintervention, a two-way repeatedmeasures analysis of variance (ANOVA) was conducted.
RESULTS Baseline
Two hundred and seventy-six children were screened, and 45 child-parent dyads consented to participate in the study. Three families failed to proceed after signed consents, so after baseline assessments were completed 42 child-parent dyads were randomized to either the MiYoga (n=21) or waitlist comparison (n=21) groups. Four childparent dyads withdrew before postintervention assessment: two were randomized into the MiYoga group but did not start the programme, while the other two dyads were randomized to the waitlist group but withdrew before the scheduled postintervention assessments. This left 19 in each group postintervention (90% retention for both groups; see Fig. 1 ). In summary, this study recruited and randomized a total of 42 child-parent dyads, with 35 children completing the primary outcome task, CCPT.
There were no differences between groups on any of the demographic or baseline measures (Table I) 3) which is in the low average range (14th centile). On average, children in the MiYoga group completed 7.6 hours (SD 2.5) out of a total of 9 hours of direct MiYoga training (group sessions and telephone consultations) and 4.9 hours (SD 2.8) out of a total of 18.6 hours of indirect home practice over the 8-week programme.
Intervention protocol adherence
All sessions were delivered by the first author (psychologist and yoga teacher). Four child-parent dyads participated in the programme in private sessions with the therapist as they were unable to attend scheduled groups (n=2) or were randomized into a group by themselves in that cohort (n=2). A protocol checklist was completed at the end of each session and in all circumstances; the content of MiYoga was delivered as per protocol. Within the MiYoga group, participants attended a mean of 6.00 (SD 1.86) of eight sessions (including two telephone consultations). If a participant missed a scheduled group session, every attempt was made to arrange a make-up session, with 10 make-up sessions conducted.
Postintervention analysis
Before analysis, variables were examined for normality by studying scatterplots of outcome postintervention versus outcome at baseline. Three variables were transformed on the basis of their scatterplots: Mobility Questionnaire 28 items (used log[101Àx] transformation); Depression, Anxiety and Stress Scale total score (using log[x+1] transformation); and Personal Wellbeing Index (using log[11Àx] transformation). In addition, two clear outliers were excluded from the analysis for family health and social well-being and acceptance variables from the parent-report CP QOL-Child questionnaire. After these log transformations and exclusion of outliers the results for the variables remained unchanged so untransformed data are reported.
The variables used for the ANCOVAs were examined using linearity and homogeneity of regression slope. The assumption of homogeneity of regression slope was violated for half-kneel to stand and variables from the CP QOL-Child scale, namely access to services, and feelings about function and family health. The untransformed data are reported. The variables used for the ANOVAs were examined using Levene's test for homogeneity of variance and, where relevant, Mauchly's test of sphericity. No violations of these model assumptions were observed.
Primary outcomes
MiYoga intervention resulted in improved attention compared with the waitlist comparison group. Immediately postintervention (time 2), the MiYoga group demonstrated they were more attentive and more consistent (significantly lower standard error scores for hit reaction time: (Table II) . In addition, there was a trend towards significance: the MiYoga intervention enhanced sustained attention compared with the waitlist comparison group (F 1,33 =3.74, p=0.06, g 2 p =0.10). There were no differences between groups postintervention for other child variables of inattention, vigilance, or response style (Table II) .
Secondary outcomes
On secondary outcomes, there were no significant differences between groups, for any executive function, physical, psychological, and behaviour measures (Table II) . The self-report CP QOL-Child (n=14: MiYoga, 5; waitlist, 9) and the self-and parent-report Cerebral Palsy Quality of Life Questionnaire for Adolescents (teen n=2: MiYoga, 2; waitlist, 0; parent-report n=4: MiYoga, 3, waitlist, 1) were not analysed postintervention because of insufficient numbers in each category on the basis of the age limit for the questionnaires and technical issues when questionnaires were administered.
Parent outcomes
Immediately postintervention (time 2), parents in the MiYoga group had significantly lower mindfulness scores on the Mindful Awareness Attention Scale (F 1,32 =10.13, p=0.003, g 2 p =0.25). Parents in the MiYoga group reported significantly less mindfulness than parents in the waitlist comparison group. There were no differences between groups, for parents' psychological flexibility, stress, childparent relationship, or personal well-being postintervention (Table II) . 
Sensitivity analysis: intention to treat
An intention-to-treat analysis of ANCOVAs with the last observation carried forward for all families who did not complete postintervention assessments was conducted. The interpretations of the results were in all cases consistent with the results reported previously, with the exception of the sustained attention variable from the CCPT, namely hit reaction time block change. The intention-to-treat analysis for this variable indicated that postintervention sustained attention in the MiYoga group was significantly better than in the waitlist comparison group (F 1,37 =5.97, p=0.02, g 2 p =0.14).
Further analysis of sustained attention
The CCPT comprises six equal blocks. To analyse performance over time, blocks 1, 2, and 3 were combined into half 1 and blocks 4, 5, and 6 were combined into half 2. Repeated-measures ANOVA was used to detect groups (MiYoga and waitlist) by blocks (half 1 and half 2) interactions and main effects of blocks (half 1 and half 2). At baseline, there was no significant interaction between group (MiYoga and waitlist) and blocks for hit reaction time, percentage commission errors, or percentage omission errors (Table III) . There was a significant main effect for blocks for hit reaction time and percentage omission errors but not percentage commission errors, with participants in both groups slowing and making more omission errors with time.
After intervention, there was a significant interaction between group (MiYoga and waitlist) and blocks for hit reaction time and percentage commission errors but not for percentage omission errors (Table III) . There was a substantial main effect for blocks for hit reaction time and percentage omission errors but not for percentage commission errors (Table III) .
Post hoc tests (paired samples t-tests) showed that only the waitlist group hit reaction times were significantly slower and that they made significantly fewer commission errors from half 1 to half 2 (Table III) . However, both groups showed an increase in omission errors across the blocks (half 1 to half 2). Figure 2 illustrates the results reported above and provides a direct comparison of the performance on (1) hit reaction time, (2) percentage commission errors, and (3) percentage omission errors between half 1 and half 2 for the MiYoga and waitlist comparison groups at baseline and postintervention.
DISCUSSION
To our knowledge, this is the first study to demonstrate that embodied mindfulness-based practices are effective at improving attention in children with CP by enhancing more consistent responses or performances on tasks by reducing inattention, 'erraticness', and impulsivity (CCPT: hit reaction time standard error and perseverations). In addition, MiYoga was associated with significant improvement on sustained attention in the intention-to-treat analysis.
Sustained attention
When the results of sustained attention were analysed in more detail, together they showed that postintervention the waitlist group continued to perform in the same way across the six blocks as they did at baseline. That is, they started the task with fast reaction times and many commission errors (failure to inhibit button-press on target trials), and their performance slowed significantly across blocks along with an increase in errors of omission (Fig. 2) . The MiYoga group postintervention, however, started the task with slightly slower reaction times and with fewer errors of commission than the waitlist group. The MiYoga group maintained this level of performance across the blocks while still maintaining the same level of performance accuracy. This suggests an improved ability to focus and maintain attention on tasks across all blocks in the MiYoga group postintervention. The percentage of omission errors was very small, indicating that participants were highly accurate in both groups. Both groups showed a tendency to miss more button-presses (omitting) in the second half. This pattern of performance did not change postintervention.
The results of the present study are consistent with evidence in the adult population that mindfulness-based practice can enhance attention. 9 Our results replicated previous randomized controlled trials of mindfulness-based interventions investigating attention in typically developing children. 40, 41 Parents' mindfulness An unexpected finding was that parents in the MiYoga group reported decreased mindfulness after the intervention. It is possible that parental assessments of their own mindfulness were inflated at baseline, with parents better able to accurately report their own mindfulness after receiving mindfulness training. This is consistent with research showing differences in how the Mindfulness Attention Awareness Scale was completed by experienced meditators and non-meditators. 42 It may be relevant to note here again that parents in the MiYoga group score significantly higher on the Acceptance and Action Questionnaire than those in the waitlist group at baseline, suggesting higher levels of experiential avoidance than parents in the waitlist group. This significant difference between groups at baseline may also explain parents' mindfulness results on the Mindfulness Attention Awareness Scale.
Executive function
Although we hypothesized secondary changes in executive function after MiYoga, it should be acknowledged that the primary target of MiYoga was attention. To improve executive function, MiYoga may need to target executive function specifically.
Physical outcome measures
There were no significant differences between groups found postintervention for children's physical outcome measures (sit-to-stand test, lateral step-up test, and halfkneel to stand; sit-and-reach; the 6-minute walk test; and Mobility Questionnaire 28 items). Participants reported and documented that in their home practice over the 8-week duration, they practised mindfulness techniques more than the physical yoga postures.
Children's psychological well-being
There were no significant differences between groups found postintervention (8wks after baseline) for children's (Table II) . Children in both groups scored in the normal range on the Strengths and Difficulties Questionnaire, 27 Child and Adolescent Mindfulness Measure, 26 ,43 the parent-reported CP QOL-Child, 44, 45 and the Behaviour Rating Inventory of Executive Function 25 at baseline, and hence this may reflect a ceiling effect.
Pain
There were no significant differences between groups found postintervention (8wks after baseline) for children's pain level (Wong-Baker Faces Pain Rating Scale). Children in both groups scored below a one ('no hurt') at baseline and postintervention.
Parents' psychological well-being and the child-parent relationship There were no significant differences between groups at time 2 for the parents' psychological well-being measures (Acceptance and Action Questionnaire; Personal Wellbeing Index; Depression, Anxiety and Stress Scale; and Child-Parent Relationship Scale). Similarly to the children's psychological well-being results, parents scored within the norms of the respective measures at baseline, which may have been a ceiling effect.
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Limitations
Although power estimates for hypothesis interaction effects of the primary CCPT measure indicated that there was adequate power, this was a pilot pragmatic randomized controlled trial with a modest sample size. Other limitations of this study were that many comparisons were conducted, the waitlist comparison group was non-active, and there was a lack of home practice recorded by participants. Future studies should consider offering separate parallel sessions for the parents so that the mindfulness can be sufficiently targeted to them and not just focused on the children.
CONCLUSION
The results of this study suggest that MiYoga is a promising programme for children with CP in enhancing their sustained attention and consistency of performance on tasks while lowering impulsivity. Further quality trials of similar mindfulness-based movement programmes are required to validate the results of the current study. MiYoga offers a lifestyle intervention to children with CP and, with this, children can perform MiYoga techniques wherever they are with their parents, family, and friends.
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